doi: 10.1073/pnas.1706103114 Objectives:
• Human appropriation of land for agriculture has greatly altered the terrestrial carbon balance, creating a large but uncertain carbon debt in soils.
• Estimating the size and spatial distribution of soil organic carbon (SOC) loss due to land use and land cover change has been difficult but is a critical step in understanding whether SOC sequestration can be an effective climate mitigation strategy.
• In this study, a machine-learning-based data-drive statistical model was fitted using a global compilation of SOC data and the History Database of the Global Environment (HYDE) land use data in combination with climatic, landform and lithology covariates to quantify the cumulative impact of human land use on changes in SOC at the global scale.
• The model is based on a global compilation (N = 158,147) of soil profile observations and samples collated at The International Soil Resource and Information Center (ISRIC)-World Soil Information over the last decade.
• The study predicted current SOC stocks as a function of climatic, topographic, geologic, and land use characteristics and projected the predictive SOC model back in time, holding climate constant to estimate historic SOC levels, and derived the amount of SOC lost due to human land use.
• The authors also discuss limitations of this study which are primarily found in the limitations of the underlying datasets and therefore impact predicted SOC change.
New Science:
• The study estimates that agricultural land uses have resulted in the loss of 133 Pg C from the top 2 m of soil, with the rate of loss increasing dramatically in the past 200 years.
• The HYDE classes "grazing" and "cropland" contributed nearly equally to the loss of SOC, with hotspots of loss coinciding with some major cropping regions as well as semiarid grazing regions, while other major agricultural zones showed small losses and even net gains in SOC.
• Projecting the model across the globe for the year 2010 suggested that global SOC stocks were 863 Pg C, 1,824 Pg C, and 3,012 Pg C in the upper 0.3 m, 1 m, and 2 m of soil, respectively.
• Subtracting current (2010) SOC stocks from historic no-land-use (NoLU) SOC stocks, the study found that 37 Pg C, 75 Pg C, and 133 Pg C have been lost due to land-use change in the upper 0.3 m, 1 m, and 2 m of soil, respectively.
• A strong correlation between land degradation and SOC loss was demonstrated.
• Analysis of results suggested that the modeled SOC loss due to land use was likely a conservative estimate.
• Model errors were lowest where sample density was high, and were greatest in regions with sparse data and with high SOC values.
Significance:
• The study addresses the need for a credible estimate of the global total and spatial distribution of SOC loss as a critical step in understanding the potential for soil carbon sequestration as an effective climate abatement strategy.
• Results suggest that grazing of relatively unmanaged rangelands may be a stronger driver of SOC loss than previously acknowledged.
• Hotspots of soil carbon loss were found, suggesting that there are identifiable regions which can be targeted for SOC restoration efforts.
• The SOC losses, which occur on the majority of the used portions of planet Earth, are on par with estimates of carbon lost from living vegetation primarily due to deforestation and are nearly higher than earlier estimates of land use and land use change-driven losses of SOC.
• This study demonstrates that, while, on average, agricultural land use leads to SOC loss, there are important spatial patterns and contrasts which suggest that simple accounting methods will misrepresent SOC change in many regions of the world.
• The results suggest that more effort needs to be put into collecting, integrating, and using legacy soil profile data, especially historic data 50+ years old, so that even more reliable models of SOC dynamics can be produced.
• The global cumulative loss of SOC generated by this study potentially represents a maximum estimate of the SOC sink capacity.
• While the potential to recover lost SOC may be more limited than is often assumed, there remains potential to recapture some SOC, leading to the possibility of using deliberate sequestration of SOC in climate mitigation strategy.
• These results provide a basis for national and international policies to target SOC restoration efforts. 
